Aim: Endometrial cancer is often associated with obesity. We want to compare the outcomes of surgical staging according to the surgical approach in patients with a body mass index ≥35 kg/m 2 .
Introduction
Nowadays, endometrial cancer is the most frequent gynecological neoplasm in developed countries and globally it is the second most frequent gynecological neoplasm after cervical cancer. 1, 2 Obesity and age are the two epidemiological risk factors that are most associated with endometrial cancer. 3 The World Health Organization defines first degree obesity as a body mass index (BMI) starting from 30 kg/m 2 and premorbid obesity as a BMI of 35-40 kg/m 2 . 4 In Spain, premorbid obesity accounts for 3.1% of women aged between 25 and 60 years and morbid obesity (BMI > 40 kg/m 2 ) for 0.9% of them.
Endometrial cancer staging is surgical. 5 Formerly, laparotomy (LPT) was the surgical approach most commonly performed for the appropriate staging and treatment of endometrial cancer. However, in the last two decades, minimally invasive surgical techniques have been developed, such as laparoscopy (LPC) and robotic assisted laparoscopy (RBT), [6] [7] [8] improving the quality of life for patients in the short term. 9, 10 The first study on the LPC approach to endometrial cancer was published in 1993 by Childer 11 ; later the GOGLAP2 study 6, 7 was the first randomized controlled trial to compare LPC and LPT for early stage endometrial cancer and concluded that the LPC route was feasible and meant less operative morbidity than open surgery in the short term and led to a shorter hospital stay. Based on this trial MIS has become standard approach for endometrial cancer in USA. With regard to obese women with endometrial cancer, there are several studies that found that LPC enables surgeons to perform an adequate staging with reasonable operating times, less blood loss and a shorter hospital stay. 10, [12] [13] [14] The aim of our study is to compare the outcomes of surgical staging of endometrial cancer depending on the surgical approach in women with a BMI ≥35 kg/m 2 .
Methods
A retrospective cohort study was performed among women with endometrial cancer with a BMI ≥35 kg/ m 2 who were treated at the Vall d'Hebron Hospital between March 1995 and January 2013. Data were obtained by reviewing their medical records. This study has been approved by the hospital's Institutional Review Board.
Patients
One hundred and thirty-eight women underwent surgical staging of endometrial cancer in this period. The different surgical routes were LPT (n = 94), LPC (n = 18) and RBT (n = 26). For analytical purposes, the series was further divided into two groups: LPT (n = 94) and minimally invasive surgery (MIS: LPC + RBT approach; n =44) ( Table 1) .
Surgical procedure
Staging was performed according to 2009 International Federation of Gynecology and Obstetrics (FIGO)'s classification 5 : the surgical procedure consisted of hysterectomy with bilateral salpingooophorectomy in all cases; pelvic and paraaortic lymphadenectomy was performed in those cases where the preoperative study (histological study and imaging) indicated an intermediate or high risk of lymphatic involvement according to the risk factors considered in our center, such as myometrial invasion greater than 50% shown by a magnetic resonance study, a high histological grade, nonendometrioid histology, cervical involvement and enlarged lymph nodes shown by a magnetic resonance study. The surgical route was chosen depending on surgeon's preference.
The surgical procedure using the LPC route was described previously. 8 Since 2009, for patients in the RBT group the Da Vinci S surgical system (Intuitive Inc) has been used. The laparoscope arm is introduced using a 12-mm supra-umbilical trocar with a directpuncture technique, and three 8-mm trocars, specific to the Da Vinci RBT system, are inserted into the patient who is in a [25] [26] [27] [28] [29] [30] Trendelenburg position. The three 8-mm trocars are placed under direct visualization in both iliac fossae and at the midline between the umbilicus and the right subcostal margin. A fourth 5-or 10-mm accessory trocar is placed at the midline between the umbilicus and the left subcostal margin. All of them are separated by 8 cm to avoid mechanical problems. A uterine manipulator and colpo-occluder balloon is used. Operating time was calculated from skin incision to complete skin closure.
Early postoperative complications are defined as those that occurred in the first 30 days after surgery. All those events that appeared later on were regarded as late complications.
Statistical analysis
Data analysis was performed using the software SPSS version 18.0 for Windows (SPSS Inc.). Categorical variables were analyzed using the chi-square test. Continuous variables were analyzed using the ANOVA test with a post-hoc analysis afterwards. The KruskalWallis or the Mann-Whitney U tests were used to compare those continuous variables that do not follow a normal distribution. Bonferroni's correction for multiple comparisons was used when necessary. A two-tailed P value less than 0.05 was considered to indicate statistical significance. Recurrence-free survival period and overall survival were evaluated by means of Kaplan-Meier curves that were compared with the log rank test. All the variables that were found statistically significant in the univariate analysis were included in a multivariate Cox regression model.
Results
Clinical characteristics were similar in the three groups and are detailed in Table 2 .
No differences were found in the intraoperative complication rate in the three surgical routes (P = 0.106) ( Table 3) . In the open approach, three vascular injuries and one bowel injury were recorded. In the LPC group, three vascular injuries occurred. Conversion rate into LPT surgery was 5.36% (n = 1) in the LPC route owing to surgical difficulty due to the obesity and 3.85% (n = 1) in the RBT approach because of the inability to distend the abdominal cavity.
Less early-postoperative complications were observed in the RBT approach (P = 0.007). In the LPT group, four cases of evisceration occurred that required reoperation, three infections in the surgical wound, three seroma, two cases of wound dehiscence, two of lower extremity thrombophlebitis, two of urinary infection and one pelvic abscess. In the LPC approach, there were two early complications (one case of urinary infection and one pneumological complication), and in the RBT approach, there was one case of hematoma in the vaginal cuff that required debridement 9 days postintervention.
There were no differences in the late postoperative complication rate (P = 0.433). Twelve cases of abdominal wall hernia were observed in the LPT approach. In the LPC group, one case of hernia through the trocar hole and one pelvic lymphocele were recorded. In the RBT group, one case of abdominal wall hernia occurred in that woman whose surgical approach was changed to open surgery ( Table 3 ).
The rate of lymphadenectomy performance was similar in the three groups, both for pelvic (P = 0.073) and paraaortic (P = 0.102) lymphadenectomy. There were also no differences in the number of nodes removed in the three routes, neither for the pelvic nor for the paraaortic lymphadenectomies (P = 0.221 and 0.656, respectively, Table 3) .
Lymphadenectomy was not able to be performed in six cases in the LPT group because of anesthetic complications or surgical impossibility, and in one case in the RBT group because of surgical impossibility. In the LPC approach, lymphadenectomy was not abandoned in any case.
Taking the surgical parameters into account, we have observed that the nonopen approaches are associated with less blood loss (LPT vs LPC: P = 0.005; LPT vs RBT: P = 0.001) and a shorter hospital stay (LPT vs LPC: P < 0.001; LPT vs RBT: P < 0.001) than the open approach, instead the surgical time was shorter in the LPT group than in the LPC (150 min vs 195 min, P = 0.002) ( Table 1) .
We have observed a shorter LPT operating time (150 min in LPT group vs 190 min in MIS group, P = 0.015); on the other hand, there was less blood loss (150 mL vs 350 mL, P = 0.002) and a shorter hospital stay (4 vs 8 days, P < 0.001) in the MIS group (Table 1) .
Mean follow-up was 52.32 months in the LPT group (range 17.5-74) of 28.39 months in the LPC group (range: 5-49) and 9.73 months in the RBT group (range: 5-12.75).
As the follow-up in the RBT approach is shorter than in the other groups, it has been considered jointly with the LPC group as the MIS for the survival analysis. Recurrence-free survival rates were similar in both groups (P = 0.063). Specifically 2-year recurrence-free survival rate was 90.8% for LPT and 87.2% for MIS (Fig. 1) . No significant differences were observed either in the overall survival rate (P = 0.310) that were 96.3% in the LPT group and 100% in the MIS group (Fig. 2) .
Discussion
Obesity is both a risk factor for endometrial cancer, and also a surgical challenge in order to plan a surgical approach that enables surgeons to minimize surgery-related complications. Traditionally, the surgical approach to obese women with endometrial cancer was LPT. However, in the last few decades, different studies have demonstrated that MIS is a safe approach for these women. 13, 14 Eisenhauer et al. 10 concludes from his series that the LPC route in obese women with a BMI ≥35 kg/m 2 is associated with a higher number of removed lymph nodes and a lower rate of complications in the surgical wound. A recently published article 15 shows that obesity carries with it a lower risk of relapse and a lower diseaserelated mortality rate, owing to the fact that those women are usually diagnosed at an early stage and have well-differentiated histology. However, the global mortality rate is higher than in non-obese women owing to comorbid conditions, such as cardiovascular impairment, and the authors recommend to performing MIS when possible. 16 Bouwman et al. also conclude that obesity is associated with an increased risk of surgical morbidity in these patients, which is most profound in open surgery, and LPC approach may well prevent the majority of postoperative complications in this group of patients. 17 Limiting factors to perform minimally invasive techniques were poor visibility owing to excessive adipose tissue that does not enable lymphadenectomy performance and ventilation difficulties impaired by the need of a greater Trendelenburg. 13 The introduction of RBT surgery supposes a step forward in patients with a high BMI, because it could represent an improvement in the access to the abdominal cavity, better mobility of the surgical instruments and a better visualization owing to a three-dimensional view. 16 Furthermore, RBT surgery enables surgeons to operate with lower abdominal pressures, because the trocars connected to the RBT arms are able to elevate the abdominal wall by themselves, therefore reducing thoracic pressure and improving ventilation to those patients. In the study of Chan et al., compared to LPC surgery, RBT approaches had comparable rates of complications but higher charges. [18] [19] [20] Until the year 2000, the approach of choice in our center was open surgery in all cases. Since then, endoscopic techniques and surgeons' experience of these techniques has increased and the LPC approach has been more frequently used for staging endometrial cancer in women with a high BMI. RBT surgery has been available in our center since 2009 and has led to an evolution in classic LPC, improving surgeon comfort and surgery reliability, and has reversed the frequencies of the approaches becoming the most used approach for those women (56.81% of cases since 2010).
The improvement in finding solutions to surgical difficulties using RBT surgery means that the rate of change into open surgery is from 8.9% to 15.6%. 16, [18] [19] [20] [21] [22] [23] [24] On the other hand, the conversion rate of LPC surgery varies between 14% and 36%. Matsuo et al. propose that a predictive model for LPT conversion will be useful to guide the surgical management of endometrial cancer. 12, 14, 25 In the GOGLAP2 study 7 the LPC approach presents a conversion rate close to 25%, getting higher as the BMI increases: 27% in patients with BMI >35 kg/m 2 and 57% in patients with BMI >35 kg/m 2 . In our series, the conversion rate is 5.36% in the LPC route and 3.85% in the RBT one, probably owing to a wide experience of LPC surgery that has meant that the learning curve in RBT surgery for those women was less than expected.
The GOGLAP2 study also found that the staging with pelvic and paraaortic lymphadenectomy is achieved in a lower percentage with the LPC approach than with the LPT one. Scribner et al. 12 demonstrated that an optimal staging is feasible by LPC in obese women with a BMI greater than 28 kg/m 2 , performing it satisfactorily in 63.6% of the patients. Seamon et al. 26 did not find any differences in the numbers of nodes removed nor in the percentage of women with an adequate lymphadenectomy in each group. Subramaniam et al. 27 compared RBT surgery with LPT in patients with 30 kg/m 2 and observed that the rate of lymphadenectomy performance was higher in the RBT approach, but the differences were not statistically significant (65.8% vs 56.7%, P = 0.22). In addition, RBT surgery decreases blood loss, hospital stay and the complication rates, but has a higher operation time. In our series, we found differences neither in the performance of pelvic (P = 0.07) nor paraaortic lymphadenectomy (P = 0.01) nor in the numbers of nodes removed during the pelvic (P = 0.22) or paraaortic (P = 0.65) lymphadenectomies in the three surgical routes.
The GOGLAP2 study observed less postoperative complications and a shorter hospital stay with the LPC approach, 7 as Scribner et al. also found. 12 Gehrig et al.
14 observed that RBT surgery diminishes blood loss (P < 0.0001), surgical time (P = 0.0004) and hospital stay (P = 0.01) and enables surgeons to remove a higher number of lymph nodes (P = 0.004) compared with LPC surgery, both in the obese group (BMI = 30-39.9 kg/m 2 ) and the morbid-obese group (BMI > 40 kg/m 2 ). The results were similar to the study by Seamon et al. 26 that compared open surgery with RBT surgery in patients with a BMI greater than 30 kg/m 2 . Our results fit in with those described by the other groups, in which open surgery results in less operative time but increases blood loss and hospital stay compared with MIS. A comparison of our outcome with previous studies is showed in Table 4 .
Some limitations of the current study include its retrospective nature and a relatively short follow-up interval, especially for the RBT group. For this reason, we have analyzed the LPC approach jointly with the RBT one in the MIS group when perfoming the survival comparision. Owing to these differences in the follow-up times the results regarding the survival functions should be taken with caution.
We observed that minimal invasive surgical staging of endometrial cancer is feasible and safe in obese women and it could represent the surgical route of choice for such patients, because it decreases operative blood loss, hospital stay and the complication rate in the short term compared with open surgery without compromising recurrence-free survival or overall survival. In our series, RBT approach compared to the LPC approach did not show any decrease in operative bleeding nor hospital stay, probably because a higher number of cases are needed to evaluate the advantages of this approach compared with the other surgical routes.
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